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It has long been accepted as true that verrucae of various types are transmis-
sible. Definite proof of this was reported by Jadassohn (1) in 1896, and following
his report many investigators published results of experiments which confirmed
his findings. Successful attempts to produce verrucae by inoculation of a filtrate
prepared from warts removed from human skin were made by Ciuffo (2) and
by Serra (3) in Italy. In this country Wile and Kingery (4) produced verrucae
on human skin by inoculation of a filtrate of wart suspension, and Kingery (5)
reported a successful transplant of such material in the second generation.
Since that time there has been no denial of the fact that the infecting agent which
produces verrucae is a filterable virus, except by Bonjour (6) who in 1930 still
did not agree with the theory of the infectious nature of warts.
No further knowledge of the nature of the virus had been reported until
Strauss, Shaw, Bunting and Melnick (7) reported that they had observed crystal-
line virus-like particles which were obtained from papillomatous growths re-
moved from human skin. The papillomas or verrucae from which these element-
ary bodies were obtained all showed a similar histopathologic picture, differing
from that of the usual verrucae in that intranuclear inclusion bodies were found
in the rete cells and also cytoplasmic masses in this same layer of the epidermis.
In each of the 5 cases reported on at that time the spherical particles were seen
by means of the electron microscope, and the inclusion bodies and cytoplasmic
masses were found in the ordinary microscopic sections. The only divergence
from this complete agreement was the fact that in 1 case, while spherical particles
were seen they were not in crystalline array.
This is a report of further studies of material from the 5 cases previously re-
ported and 8 additional cases.
THE CLINICAL PICTURE
Four of the papillomas, which were the source of the material we reported
originally, were obtained from the hands of children whose ages ranged from 2
to 12. They differed from the usual clinical picture of verrucae vulgaris in having
a more pearly base and an erythematous halo, and were separated easily and
completely from the underlying skin with a curette. The fifth was a plantar wart
obtained from a child 7 years old. It was characterized clinically by the fact that
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there was no noteworthy hard hyperkeratotic top and very little surrounding
callous despite the fact that it was located on the weight-bearing surface of the
foot. After a circular incision was made around the periphery this lesion also
was easily and completely separated from the underlying tissue with a curette.
In order to ascertain whether these lesions are a separate entity or only com-
mon warts and plantar warts it seemed important to assay the clinical cimrac-
teristics of a larger sample as soon as practicable. Spherical particles identical
in appearance with those in the 5 cases previously reported imve been found in
material obtained from 8 other patients, making a total of 13 cases in which these
elementary bodies have been found. In 8 of these 13 a similar and distinctive
histopathologic picture, which will be described in detail later in this paper, was
also found. In 2 of the cases the microscopic sections were unsatisfactory for study
and in the remaining 3 this characteristic picture could not be demonstrated.
More significant is the fact that in every case in which this histopathologic pic-
ture was found and in which part of the wart was examined by means of the elec-
tron microscope, the spherical virus-like particles were demonstrated. Because
of this, it is our opinion that for the purpose of identifying the lesions under dis-
cussion here the histopathologic picture is quite reliable. It has the obvious ad-
vantage of being technically simple and in addition was applicable to a review
of material removed previously to our first finding of the elementary bodies.
A search of the accumulated material of the laboratory of surgical pathology
of the New Haven Hospital disclosed 31 additional cases which showed the char-
acteristic histopathologic picture. Thus, a total of 44 cases were available for
analysis of the clinical characteristics of these lesions. They were divided into
3 groups; in 31 the diagnosis was based on the histopathologic picture alone; in
5 on the finding of the virus particles; and in 8 on the presence of the histo-
pathologic picture and the elementary bodies.
The age of the patients ranged from 2 to 68. In the age group up to 10 there
were 15 cases, 9 males and 6 females; from 11 to 20 there were 16, 4 males and
12 females; from 21 to 30 there were 6, 3 males and 3 females; there were 2, 1
male and 1 female in the age group from 31 to 40, 2 females in the age group
from 41 to 50 and 1 female 68 years old. In addition there was 1 female whose
age was not given but who, since she was married, was obviously an adult. These
lesions, it is apparent, may be found at any age but the great majority of them
have been seen in patients in the first 3 decades of life. This picture of the age
incidence corresponds fairly closely with the figures for all types of warts given
by Rulison (8) in his statistical review of a large series of verrucae.
The incidence, according to sex, approximately 39.5% in males and 60.5% in
females, also closely parallels the figures given by Rulison for his series. In 3
patients the location was not specified but 18 of the lesions were on the plantar
surface of the feet and 22 were elsewhere. Information relative to whether the
lesions were single or multiple was available in 32 cases. Of these the plantar
lesions were almost equally divided, the lesions having been single in 7 instances
and multiple in 6. Of those cases in which the lesions were not on the plantar
surface of the feet the lesions were single in 13 and multiple in 6.
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The above figures are not presented as being of statistical importance, but they
show enough similarity to previously published figures for common warts to
serve as an indication that the lesions in which these inclusion bodies, cyto-
plasmic masses and elementary bodies are found may be common warts and not
a separate entity. On the other hand, a few frequently found clinical features may
help to point out which lesions might be expected to yield the above mentioned
findings. (Figs. 1 and 2). Tn lesions on the plantar surface of the feet the most
characteristic clinical features, in our experience, are the absence of hyperkera-
tosis and callus formation and the presence of a greyish-blue color. In lesions in
other locations smooth sharply elevated sides, a plateau-like verrucous top and
an erythematous halo are the most frequent clinical findings.
Fin. 1. Warts on the thomh, forefinger and palm showing the smooth sides and the pIa
teau-like verrueous top.
The data available at this time relative to the duration of these lesions is not
sufficient to warrant any conclusion as to its effect on the presence of these find-
ings.
No attempt has been made to compare the age incidence, location, incidence
as to sex or other clinical features with those features in verrucae in which
neither the characteristic histopathologic findings nor the elementary bodies
were found. Such a comparison would be pointless as the lesions came from
several sources and no complete data was available from any of these sources.
A study of all verrucae from one source is now under way and will be reported
on later.
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THE VIRUS-LIKE PARTICLES
Material from the papillomas and from control Specimens was ground with
alundum and distilled water, centrifuged at 2,000 r.p.m. for 5 minutes, and the
resulting supernatant fluid subjected to further centrifugation at 6,000 r.p.m.
for 15 to 45 minutes. Both the 6,000 r.p.m. supernatant fluid and the sediment
resuspended in distilled water were placed on collodion mounts and shadow cast
with chromium at an angle of 1:7.
FIG. 2. Plantar lesions. They are bluish-grey in color and thero is no hyperlceratotic top
or surrounding callus formation.
Although isolated particles were found in all specimens the particles were
arranged in crystalline-like clusters with such regularity that such an arrange-
ment appears to be characteristic. The particles (Figs. 3 and 4) were spherical
and when in crystalline-like array averaged 52 mji in diameter with a range of
50 to 53 mji. When these particles were not in crystal-like array they averaged
68 mji in diameter with a range of 56 to 80 mj.
Control preparations of molluscum contagiosum lesions showed the charac-
teristic brick-shaped elementary bodies previously described by Boswell (9)
and by Ruska and Kausche (10). Preparations from other warts and from normal
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skin revealed no uniform particles, but only amorphous scattered clumps of
matter, collagen fibres and spherical particles of varying diameter.
flo.3. The virus particles tend to aggregate in regular formations. CX 40,000).
Fm. 4. BeginnIng formation of a second layer of virus particles is shown. (X 41,000).
BISTOPATROLOGY
The histological appearance of the papillomas yielding virus-like particles
was .i'nilar• They (Fig. 6) consisted of irregular upgrowths of thinksmed epi-
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dermis overlying elongated papillae containing fine blood vessels and delicate
connective tissue. There was a great increase in the thickness of the stratum
corneum with persistence of pyknotic nuclei in the lower layers where the kera-
tinized substance was loosely arranged and not as compact as at the surface.
Significantly, there were intranuclear inclusion bodies and characteristic cyto-
plasmic masses in most of the cells of the papillomas (Figs. 6 and 7). These
changes were lacking in the basal cells, but were present in the first or second
layer of cells above them and in all of the more superficial layers. There was one
FIG. 5. Papilloma yiclding virus-like particles. The gross configuration is no different
from other warts. Base is at bottom. Hematoxylin and eosin. (X 30).
intranuclear inclusion body in a nucleus; it was round, eosinophilic and fre-
quently surrounded by a very narrow halo in the fixed section. These bodies
averaged 2.4 p in diameter (40 measured) ranging from 1.6 to 3.2 p. They were
smallest when they first appeared in the lower Malpighian layers and increased
in size progressively until the stratum corneum where they could not be identi-
fied within the heavily stained pyknotic nuclei.
All of the cells that contained intranuclear inclusion bodies also had cyto-
plasmic masses that exhibited a development paralleling the differentiation of
the cells into their final state in the stratum corneum. The masses first were
4
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FIG. 6. The round intranuclear inclusion bodies photograph less black than the nearby
irregular chromatin masses. Solid eytoplasmie masses can he seen. Hematoxylin and eosin.
(X 1200).
FIG. 7. Solid and vesicular cytoplasmic masses can be seen as well as intranuclear in-
clusion bodies. Hematoxylin and eosiu. (X 600).
- PAP0•.:'a '_* Vt,e
-.
fr7S
I
S
'S
A
a -
440 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
small and solid, or contained a single tiny clear vacuole; they were multiple, 10
to 20 in each cell. The granules were fewer but larger in the cells higher up in the
Malpighian layers, at times almost reaching the size of the nucleus. The vacuoles
within them also increased in size commensurately. The granules at first were
faintly stained by hematoxylin, but as they enlarged this staining tendency
disappeared and they developed an affinity for eosin which became very strong
in the lower layers of the stratum corneum. Here the vacuoles disappeared and
the granules apparently became fused into one or two solid masses occupying
almost the entire cytoplasm.
As stated, these changes were not encountered in the lowermost cells of the
Malpighian stratum. It is of interest that these cells, were in no way different
from corresponding cells in an unaffected region. The cells with inclusions were
larger, and apparently lacked intercellular bridges, although when one of them
adjoined a normal appearing cell intercellular bridges were found. Abnormalities
in nuclear structure have been observed; they were larger, heavily stained and
irregular in outline; in one instance there were 4 atypical small nuclei present in
a single cell. Mitoses were never seen in these cells although they were not in-
frequent among cells in corresponding position in uninvolved epidermis. Kera-
tohyaline granules were never observed in these cells while they were present in
the unaffected cells occasionally found among them. The altered cells showed
parakeratosis in the stratum corneum. In this layer they possessed a thick cell
membrane and little stainable material in the cytoplasm. They did not form com-
pact groups as did the cells in the stratum corneum in an unaffected region.
Histochemical studies were carried out on the intranuclear and cytoplasmic
masses. Both of these structures exhibited the same weak basophilia as judged
by their affinity for dilute methylene blue when stained in solutions of decreasing
pH values (solutions prepared after the method of Dempsey and Singer (11)).
The amount of dye retained by them was considerably less than that retained
by the nuclear membrane or chromatin granules and was about equal to that
retained by the stratum corneum. Their basophilia was to some degree altered
by the fixative as is true of so many proteins (12). Both the inclusion body and
cytoplasmic masses lost their affinity for methylene blue at a pH of 5.7 when
fixed in Zenker's fluid and at a pH of 4.6 after fixation in 10% formalin buffered
at neutrality. Nuclei stained well at both these pH values losing their ability to
stain after Zenker's at a pH of 4.6 and at a pH lower than 3.6 after formalin.
The pyknotic nuclei of the stratum corneum showed a very much greater affinity
for methylene blue at low pH's than did the other nuclei. From these observations
one would conclude that the acidic groups present in the intranuclear inclusion
bodies and cytoplasmic masses were weaker acids than those of the nuclear
structures. Incubation of the section in ribonuclease (13) was without apparent
effect upon the basophilia of either of these structures, while the cytoplasmic
basophilia of the lower layers of the adjacent epidermis was removed, as might
be expected.
The acidophilia of the inclusion body or cytoplasmic masses as shown by their
affinity for an acidic dye, aniline blue, was somewhat greater than that of the
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nuclear membrane or chromatin; the former staining at a slightly higher pH
(6.8) than the latter (6.3). The acidophilia of the cytoplasmic masses when they
were first formed was only slightly less than that of the stratum corneum; as
they increased in size and by the time they reached the upper Malpighian layers
their acidophilia became about equal to that of the keratinized stratum corneum.
The Feulgen reaction (14) for desoxyribonucleic acid was not given by either
the intranuclear inclusion body or the cytoplasmic masses, while the nuclear
membrane and chromatin material were strongly positive. Absolute identifica-
tion of the intranuclear inclusion bodies in the Feulgen preparations to avoid
confusion with chromatin masses was insured by comparison with drawings
and kodachromes of the same cells when previously stained with hematoxylin
and eosin. Photomicrographs were taken at wave lengths of 2650 and 2800 A
and evaluated visually.' The intranuclear inclusion body showed about equal
absorption to that of the general background proteins at 2650 A, while the
nuclear membrane and chromatin exhibited greater absorption. At 2800 A back-
ground proteins, intranuclear inclusion body and nuclear structures all appeared
to be practically the same. The cytoplasmic masses behaved similarly to the
inclusion body.
No lipid has been demonstrated by sudan IV or sudan black B (14) other than
a few small granules or droplets in the keratinizing cells, which were no different
from those in the stratum corneum of the adjacent uninvolved epidermis. Myelin
figures (15), however, have been seen formed from the vacuoles withinthe cyto-
plasmic granules. This gives presumptive evidence, therefore, of the presence
of a lipid within these cytoplasmic masses. In tissues fixed in osmic acid the
cytoplasmic masses assumed a deeper brown color than the remainder of the
cell structures. This is also consistent with, though not conclusive evidence for
the presence of a lipid. No birefringence has been found in the cells in frozen
sections.
Mucopolysaccharides have not been identifiable with toluidine blue or the
Bauer technic (16).
DISCUSSION AND CONCLUSIONS
These crystalline formations isolated from such warts constitute the first
crystalline substance obtained from any animal growth. This emphasizes that
these papillomas contain a characteristic particle which is probably virus in
nature and responsible for the appearance and growth of the wart. Spherical
viruses have been found in the past to yield such crystalline patterns (17). This
has been particularly true of certain plant viruses, and on occasion highly puri-
fied preparations of spherical bacteriophage have yielded similar patterns (18).
However, the fact that relatively impure preparations of suspensions of these
warts yield such patterns indicates the marked degree of attraction which these
particles have for each other and their uniformity. The diameter of these parti-
'The authors are grateful to Dr. Jesse F. Scott of the Department of Biology, Massa-
chusetts Institute of Technology, and the Huntington Laboratory, Massachusetts General
Hospital, for the ultraviolet photomicrography.
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des, 52 m, is the same order of magnitude as that found for the virus of the
Shope rabbit papilloma (19). It is a much more simple and uniform substance
than the elaborate elementary body which causes molluscum contagiosum.
Furthermore, the uniformity of particle size of this papilloma virus is in striking
contrast to the variation which one finds among molluscum contagiosum virus
particles. This variation is similar to that which one has come to expect in micro-
biological organisms.
The characteristic histopathological changes observed in these lesions, and
which are not seen in every common wart, are apparently associated with the
presence of the virus-like particles described above. One would conclude that
the normal development of the epidermal cells had been distorted to a greater
degree than that which occurs in simple hyperplasia. The eosinophilic intranu-
clear inclusion body, presumably indicative of the presence of the virus, is small
when it is first seen in the first or second layer of cells above the basal; it doubles
in size by the time its identity is lost in the pyknotic nuclei of the parakeratotic
stratum corneum. These cells containing inclusion bodies are larger than usual;
their nuclei are often abnormal and mitoses do not occur in them in contrast
to comparable unaffected cells. Intercellular bridges do not exist between two
adjacent affected cells. The keratohyaline granular layer here is absent as often
observed in lesions with parakeratosis. The cytoplasm contains vacuolated
granules that develop as the cell matures and finally fuse into masses in the
stratum corneum. The information from histochemical studies is as yet incom-
plete, but there is no evidence from ultraviolet photomicrography or Feulgen
preparations of detectable nucleic acids in the intranuclear inclusion body. The
nature of the cytoplasmic masses has not been determined; ribonucleic acid was
not identified, but presumptive evidence indicates that lipids are present.
SUMMARY
Spherical virus-like particles which tend to aggregate in regular nets have been
found in papillomatous growths of human skin.
These growths all showed a similar and distinctive histological appearance,
characterized notably by the presence of intranuclear inclusion bodies and solid
or vacuolated masses in the cytoplasm of the rete cells.
Based on the clinical characteristics, these growths do not appear to differ
greatly from verrucae vulgaris and verrucae plantaris.
These particles appear to represent the first crystalline substance isolated
from a human growth.
The presence of these particles seems to interfere with and alter the orderly
process by which epidermal cells develop from basal cells to keratinized cells.
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DISCUSSION
DR. REQUE—Birmingham: In the past year or two a number of diagnoses
of senile keratosis were made by pathologists. I should like to ask the presenter
if he has had any eNperience with lesions that might fit in with that classification
clinically?
DR. STEPHEN ROTHMAN: I wonder whether there are reliable histologic criteria
which differentiate these lesions from common warts, and whether the virus,
so beautifully demonstrated, is not the virus of common warts. Most of the histo-
logic pictures shown here were pictures of verrucae vulgaris.
DR. MAURICE J. STRAUSS (Closing Discussion): Both senile keratoses and tar
keratoses should be easily distinguishable from these lesions. There should be
no question of their differentiation. The lesions which we have studied have no
resemblance to such senile and tar keratoses.
I think that Dr. Rothman misunderstood us. Originally we believed that we
were studying something different from ordinary verrueae but the more eases
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we have studied the clearer it becomes that these lesions are common and
plantar warts. It is noteworthy that the findings to which we call attention are
not found in all warts.
This material came from several sources and was not a complete sample from
any of them, so no attempt has been made to estimate the percentage of lesions
in which these findings may be expected. However, we are now carrying out
studies of a complete sample from one source and, unless the figures which we
have so far change materially, it is apparent that these findings may be expected
in between 4 and 5 per cent of patients with common warts and in 25 per cent
of patients with plantar warts.
